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OUTLINE 
HISTORY: Sea-air transfer trace GHGs, aerosol precursors 

CH4 & DMS: Emergent, point to organics and ice 

STRUCTURE: Montage and teaser for each of… 
 Methane 
 Dimethyl Sulfide 
 Global O-Chem 
 Sea Ice Biogeochemistry 



MONTAGE: CH4 

MONTAGE: Methane 
JGR 2011 

GRL 2010,  JGR 2011 
JGR & ICGH in press 



Organics and Bubbles 

A Scientific Win-Win* 
CH4 in atmosphere: GWP 30 
CH4 in seawater: Reductant 



MONTAGE: DMS 

MONTAGE: Dimethyl Sulfide 

JGR 2009 
GBC 2010 



The Blessed Mess 

Once and future DMS in CCSM: GRL 2011 

y2000, nM 

y2100, nM 

ΔnM 

Δ% 



MONTAGE: MARINE O-CHEM 

MONTAGE: O-Chem 



Org2Chl 



MONTAGE: ICE 

MONTAGE: Ice BGC 

JGR 2011 
(algorithm) 

µM nitrate 
mg/m3 chl 



Europa 



SUMMARY 
HISTORY: Sea-air transfer trace GHGs, aerosol precursors 

CH4 & DMS: Emergent, point to organics and ice 

STRUCTURE: Montage and teaser for each of… 
 Methane 
 Dimethyl Sulfide 
 Global O-Chem 
 Sea Ice Biogeochemistry 

NEXT: Expand effort in CESM 



EXTRAS 



Mat Background Run 

Average seabed fluid flow and particulate sources 

Empirical τ -Less is more 

CH4, nM 
Bear Island 
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Resource Restrictions 

Methanotrophs, 
Resource Limits 

Low N Low Fe…Cu? 

GRL 2010 
JGR 2011 

Low O2, acidification 



Resource Limitations 

µM O2 

GRL 2010, JGR 2011 

1st CUT: RESOURCES 

ΔpH 
-0.02 

-0.04 

-0.1 
-0.2 

METHANOTROPHS, LBL patches 

POP: 8 sites, 300 meters, 30 years 

RESULTS: Hypoxia, acidification 

OFFLINE: Gaussians, observations 

FURTHER: N, Fe, Cu loss 

GENERAL: 
 Regional depletions 
 CH4 plume expansion 
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O2 >  N  Fe  Cu 



CODiM Results 



PNAS 2007 

GRL 2011 

Table from Mess 



20th Century change in net SW radiation 
from direct DMS sulfate –up to tenths W/m2 

The effect of sulfate from DMS is 
enhanced in tropics because of!
a)  higher solar radiation, !
b)  faster oxidation of SO2 to SO4.!

PCSdir0711 SW 



..Cysteine, methionine, DMSP, DMS, DMSO 
Polysaccharides carboxylated and otherwise 
Amino acids, peptides, proteins, derivatives 
Lipids, peptidoglycan, chitin, lignin 
Isoprene and monoterpenes 
Volatile organics and halogenates 
Bacteria, viruses, bioparticles 

C, chlorophyll major phyto-classes 
Inorganic Ballast (SiO2 & CaCO3 with hanging chad) 
POM, DOM 

Mapping Out the O-chem 

ESM have above 
ESM need below 

JGR, GBC ,GRL 



..Cysteine, methionine, DMSP, DMS, DMSO 
Polysaccharides carboxylated and otherwise 
Amino acids, peptides, proteins, derivatives 
Lipids, peptidoglycan, chitin, lignin 
Isoprene and monoterpenes 
Volatile organics and halogenates 
Bacteria, viruses, bioparticles 

C, chlorophyll major phyto-classes 
Inorganic Ballast (SiO2 & CaCO3 with hanging chad) 
POM, DOM 

Mapping Out the O-chem 

ESM have above 
ESM need below 

JGR, GBC ,GRL 



HawkRuss 



CICE Bottom Layer BGC 

Rejection 
Microlayer 
ML or POP 

Return: 
Melting 
Sediment 

General: 

Jin et al.: 

 Nutrient data 

Brine flushing 

Monod Li 
Redfield ratios 

Continuous L 
Adjust absorption 

Graze 10% 
N/S routing 

Fractional return 
of N, Si, C, S 

Algal flushing 

Ice categories with evolving box SKL, expand outward 



IARC collab 

All roads lead first to ecodynamics… 

JGR and DSR 



Chl in, DMS from bottom: 
JGR, in revision 

log10Chl (l), mg/m2       log10DMS (r), nM 
May 1992 (upper) 
|June 1992 (lower) 



DMS: CICE bgc on-off 

DSR, sulfur in revision JGR 



2HCO3
- + Ca2+  

CaCO3 + CO2 

CaCO3 + CO2 

2HCO3
- + Ca2+  

CO2 

CO2 

Ackley’s View 



NJ goes 3D 

algorithm in press, JGR 
(Nicole, don’t forget the bubbles) 



EXTRA EXTRAS 



Oceanic Gas Hydrates:Dissociation 



Arctic Patches, Reagan 1D Limit 

320 meter fluxes 
8 one-cell sites 
Empirical τ 
30 years, coarse POP 
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O2, CO2 and Plume Expansion 
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300 meters, 30 years 



Reagan 1: Spits 



Reagan 2: 2D 



Vertically integrated concentration 
(normalized by maximum) 

1º after 12 months 1/10º after 6 months 



(The Okhotsk is going to light up like a candle, dudes 

Reagan 2011 
Sea of Okhotsk Methane Budget  

Okhotsk Ring 



Carbon as Acid and D(P)OC 

C anions balance Alkalinity 

Convert to DOC, POC 

Arctic pH, C storage 



Bubbles, Matrices, CH4 Futures 
Enter mixed layer from: 
50 meters 
150 meters 
300 meters 



Notable Increase in temperature not 
spatially uniform  

(a) (b) 

(c) (a)  Raw Difference in surface air temperature relative to 
control 

(b)  Raw Difference in Temperature averaged over 
longitudes 

(c) Zonal Mean of Raw Difference in Surface Air 
Temperature 



Shakhova et al. document tens of nM at sea surface 
Likely source is degrading submarine permafrost 
Not covered in any CCSM working group 

East Siberia falling through Cracks 



DMS flux changes dramatically from 1850 to 
2000, especially in Southern ocean 

Globally averaged increase in 
DMS emission is 10%!

PCSdir0711 DMS flux 



Changes in DMS are strongly affected by changes 
in ecosystem structure. 

Small phytoplankton!

Phaeocystis!

Diatoms!

Change in DMS concentration (in sea-
water) contributed by different 
phytoplankton types.!

Units are normalized DMS 
concentrations, and are comparable 
across panels.!

PCDdir0711 Ecostruc 



Through CICE 

JGR in press  



Extreme Thermochemistry 

Millero et al., several ? No, CRREL as usual 
Pitzer equations -just Debye-Huckel on steroids 



A Halogen Tale 

A Halogen Tale 

(Southern Ocean Alert) 



Lannuzel 08 

Ackley et al. 2008 
gap layer GRL 
vs. 
Lannuzel et al. 2008 
Fe retained in sea ice… 
By EPS substances 

(Southern Ocean Alert) 



EXTRA EXTRA EXTRAS 



Bromine Explosion 
Methane!



Pacific Ammonium Distribution 

February 1996 



Miro 



Neutral Sugars? 

Central Humics? 

PK meet the chem of the ocean 



PK Oleic CLAW idea 

Map: 
Organic chemistry onto 
Aerosol hygroscopicity onto 
Cloud brightness onto 
Global climate 



GENERAL 



Classic Forcings/Feedbacks, then Bio 

CO2+H2Ol,c 
(+3o C) 

The High Latitude 
Biosphere Responds 
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So shouldn’t we dig into 
these issues a bit? 

Purgatory 

A cozy +1.7o 



By these criteria, rank order for high latitude cycles: 

 -Ice chlorophyll (surface darkening) 
 -DMS 
 -Organics tweak sea-air transfer 
 -CH4 
 -Organics tweak aerosol 
 -Seeding tweaks sea-air transfer 
 -Open, brine, skeletal C cycles 
 -Aerosol/ice iron cycle 
 -Ice nitrogen (NH3/4

+, N2O) 
 -O2 and radical photochemistry 

The envelope please… 

Rank Order with Red 

Note: Οrder 102 characters –IPCC does same job in 106 

CO2, O2 

All 

CO2 



(Follow the Methane 


